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Abstract
Background: Current models of Anorexia Nervosa (AN) emphasize the role of emotion regulation. Aversive tension,
described as a state of intense arousal and negative valence, is considered to be a link between emotional events
and disordered eating. Recent research focused only on adult patients, and mainly general emotion regulation traits
were studied. However, the momentary occurrence of aversive tension, particularly in adolescents with AN, has not
been previously studied.
Method: 20 female adolescents with AN in outpatient treatment and 20 healthy adolescents aged 12 to 19 years
participated in an ecological momentary assessment using their smartphones. Current states of aversive tension
and events were assessed hourly for two consecutive weekdays. Mean and maximum values of aversive tension
were compared. Multilevel analyses were computed to test the influence of time and reported events on aversive
tension. The effect of reported events on subsequent changes of aversive tension in patients with AN were
additionally tested in a multilevel model.
Results: AN patients showed higher mean and maximum levels of aversive tension. In a multilevel model, reported
food intake was associated with higher levels of aversive tension in the AN group, whereas reported school or
sport-related events were not linked to specific states of aversive tension. After food intake, subsequent increases
of aversive tension were diminished and decreases of aversive tension were induced in adolescents with AN.
Conclusions: Aversive tension may play a substantial role in the psychopathology of AN, particular in relation
with food intake. Therefore, treatment should consider aversive tension as a possible intervening variable during
refeeding. Our findings encourage further research on aversive tension and its link to disordered eating.
Trial registration: German register of clinical trials (DRKS): DRKS00005228 (Date of registration: September 2, 2013).
Keywords: Anorexia nervosa, Eating disorder, Adolescence, Aversive tension, Ecological momentary assessment,
Smartphones, Emotion regulation
Background
In the last decade, emotion regulation deficits in Anorexia
Nervosa (AN) have received increased research interest as
they were identified as possible risk and maintaining fac-
tors for dysfunctional eating behavior [1–6]. A theoretical
framework of the influence of emotion regulation on AN
is provided by Haynos and Fruzzetti [7], suggesting that
emotional vulnerability, emotional events, and internal
judgments, lead to emotional dysregulation. A key feature
of emotional dysregulation is aversive tension, which was
initially reported by patients suffering from borderline
personality disorder (BPD) [8]. Aversive tension is
described as a current, dysregulated emotional state of
intense arousal and negative valence. The emotional
state is most often not linked to a specific emotion and
therefore generalized, accompanied by a strong urge for
termination [8–10]. States of aversive tension are fre-
quently experienced in daily life with a meaningful
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variation over time even in the general population, but
to a lesser degree than in clinical populations [10, 11].
Therefore, aversive tension is a situation-dependent
state rather than a personality trait, and differs from
related concepts such as negative emotionality, fear of
change, and neuroticism, which should remain stable
during daily course. In psychiatric research, aversive
tension is primarily studied in BPD [8, 12, 13], but is
also found in other mental disorders (e.g. anxiety and
mood disorders) [10].
According to the model of Haynos and Fruzzetti,
disordered eating, such as restriction or purging, serves
as a maladaptive strategy for the reduction of aversive
tension and emotional dysregulation. In a recent eco-
logical momentary assessment (EMA) study, higher
levels of negative affect on day one predicted a greater
likelihood of restrictive eating on day two and negative
affect decreased significantly after compensatory behav-
ior [14]. Another study did not find any differences in
negative affect or tension when comparing high and low
restriction days in adults with AN [15]. Thus, Haynos et
al. [15] argue that restriction presumably serves as a
“downregulation” rather than an avoidance strategy. This
implies that restriction regulates recently triggered
affective states instead of permanent affective traits. As
both studies do not examine the precipitants of negative
affect, it remains unclear whether cognitive variables,
such as anticipation of negative affect or situational
variables (e.g. meal times, demanding or stressful work
situations, and interpersonal conflict), result in increased
tension or negative affect, and subsequently lead to
disordered eating. Identifying the precipitants of aversive
tension will therefore contribute to a better understand-
ing of the causal processes leading to disordered eating
in individuals with AN.
Regarding emotional events associated with aversive
tension in individuals with AN, there is evidence that food
and/or body-related events provoke negative affect and
emotion dysregulation [16–18]. Furthermore, individuals
with AN tend to avoid emotional situations and have a
greater repertoire of maladaptive emotion regulation
strategies [19]. Because AN is associated with personality
traits such as perfectionism and obsessive-compulsiveness
[20], school situations requiring performance could be of
additional distress, whereas sport is considered to be
perceived positively by individuals with AN [21]. However,
the role of emotional events such as food intake, school or
sport-related events, on aversive tension in daily life re-
mains unclear. In addition, most of the work on emotion
regulation is based on adult individuals. Zimmermann and
Iwanski [22] identified dramatic age differences of the
emotion regulation strategies available with the smallest
repertoire in middle adolescence. Hence, aversive tension
might be more often experienced by adolescents in
general and emotion dysregulation associated with AN
may change from adolescence to adulthood.
Aversive tension is of special interest in dialectical behav-
ior therapy (DBT), and DBT is considered a suitable treat-
ment for AN [23–26]. Reducing aversive tension is a core
issue of traditional DBT for pervasive emotion dysregula-
tion disorders [27], but its relevance is also discussed in
DBT for AN. Recently, Lynch et al. [28] published an
alternative DBT manual for eating disorders, proposing that
restrictive eating is a consequence of overcontrol and
“emotional loneliness”, rather than a regulation strategy for
aversive tension. Subsequently, teaching distress tolerance
skills is significantly reduced in the radically-open DBT
approach proposed by Lynch et al. [28] Although AN
restrictive subtype is related to overcontrol personality
traits such as perfectionism [20], it is yet unclear if
overcontrol automatically assumes lower levels of
aversive tension. Therefore, investigating the extent to
which aversive tension is important to individuals
with AN has direct implications for further develop-
ment of DBT for AN.
In previous studies, aversive tension was mostly
researched with EMA studies [11, 12]. EMA designs
show significantly reduced retrospective bias for self-
report data [29]. Recent EMA studies on affect regula-
tion in individuals with AN showed good feasibility and
reliability of the method in this population [14, 30–32].
Because most adolescents possess smartphones, which
can serve as real-life monitoring devices, conducting
EMA studies on personal smartphones appears to be a
suitable research option to increase data quality and to
reduce research burden.
In conclusion, there is significant indication that aver-
sive tension might be an important factor in individuals
with AN. With the model of Haynos and Fruzzetti, a
theoretical approach to emotion dysregulation in AN ex-
ists, but the assumption of experience of aversive tension
in individuals with AN has not been verified yet. This
seems of particular interest as modern treatments for
AN (e.g. DBT) focus on reducing aversive tension
without empirical evidence of this construct in this con-
dition. Furthermore, as most of the studies on emotion
regulation and AN are based on adult patients, studies
investigating elements of emotion dysregulation in
adolescents with AN are required.
The aim of this study was to evaluate if emotional
events were linked to increased aversive tension, as postu-
lated in Haynos’ and Fruzzetti’s [7] emotion dysregulation
model of AN. More specifically, we were interested in
determining whether adolescents with AN differed from
healthy adolescents with regard to the experience of
aversive tension. Additionally, we wanted to examine if
specific events were linked to momentary and subsequent
levels of aversive tension, both in general and in the case
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of AN. We therefore hypothesized that adolescents with
AN (1) reported higher mean levels and (2) higher
maximum levels of aversive tension (main effects). Fur-
thermore, we expected that, compared to healthy controls,
report of food intake and school events was associated
with higher momentary levels of aversive tension, whereas
reported sport-related events were associated with
lower levels of aversive tension in adolescents with AN
(interaction effect of AN and events). In addition, we
expected an increase of aversive tension after food in-
take and school-related events, whereas sport-related
events should decrease aversive tension of individuals
with AN in the subsequent measurement interval
(main effect of event).
Methods
Participants
Participants with completed datasets included 40 female
adolescents, 20 of whom were control participants and 20
of whom met the DSM-5 [33] criteria for AN. Participants
were included if they were aged between 12 to 19 years,
female, and were experienced with smartphones. Exclusion
criteria for the patient group were: 1) presumed or con-
firmed diagnosis of a personality disorder, when suspected
during diagnostic assessment by an experienced clinician,
2) BMI percentile < 3 leading to somatic complications, in
line with national guidelines for outpatient treatment of
eating disorders [34]. Exclusion criteria for the control
group were 1) if stating that one received psychiatric treat-
ment or psychotherapy in the last five years or 2) a high
symptom burden operationalized with a GSI T-value
above 63 in the symptom check list (SCL-90-R) [35]. One
enrolled control participant was excluded because of a
high symptom burden. Five patients and three control par-
ticipants refused to participate prior to inclusion. Further
two additional patients dropped out prior to the first as-
sessment due to the necessity of inpatient treatment.
Patients with AN were recruited at the outpatient
centre for eating disorders of the Department for Child
and Adolescent Psychiatry at the University of Mainz,
Germany. The sample patients were treated at the
outpatient centre on average 5.75 months (SD = 7.02
months) before enrolment in the study. Most of the
patients (N = 14) received inpatient treatment previous
to the study. Control participants were invited in local
church groups and schools in the region of Mainz.
Table 1 lists the demographic and clinical characteristics
of the study population. Adolescents with and without
AN did not differ regarding age or education.
The extensive study protocol [36] was approved by the
ethics committee of the regional medical association in
Mainz, Germany, under the reference number 837.177.13
and registered at the German register of clinical trials
(DRKS) under the register number DRKS00005228. The
study was conducted according to the Helsinki Declar-
ation. Informed consent was given by each participant and
in the case of minors, their legal guardian.
In the current study, participants were administered a
battery of self-report instruments. Patients with AN were
additionally evaluated with a diagnostic interview as part
of the standard procedure of the outpatient center. After-
wards, participants completed a questionnaire assessment
on their smartphones during the EMA protocol. All
measures are described below.
Measures
Eating Disorder Examination adapted for Children [37]:
With the German version of this semi-structured inter-
view, the DSM-5 diagnoses of AN were established. The
items of the original Eating Disorder Examination were
adapted for administration to children and adolescents.
The interview showed acceptable retest reliability over
7.5 months for most of the items in a community sample
and excellent inter-rater reliability. It is thus considered a
suitable instrument for confirming clinical diagnoses of
eating disorders.
Table 1 Characteristics of the study population
Patients
(N = 20)
Controls
(N = 20)
M SD M SD
Age (years) 16.0 1.55 15.9 1.95
BMI at first diagnostic assessment 16.5a 0.9a – –
Months enrolled in outpatient treatment 5.75 7.02 – –
N % N %
Education
A-level grammar school 15 75 14 70
Vocational school 0 0 1 5
Comprehensive school 1 5 3 15
Other (e.g. internship) 4 20 2 10
Restrictive AN-subtype 17 85
Purging AN-subtype 3 15
Previous inpatient treatment 14 70
Comorbidity
One additional disorder 6 30
Two additional disorders 4 20
Comorbidity by disorder
Major Depression 9 45
Bipolar Disorder 1 5
OCD 2 10
PTSD 1 5
Adjustment disorder 1 5
aN = 19 as one patient refused weight measurement during
diagnostic assessment
Kolar et al. BMC Psychiatry  (2016) 16:97 Page 3 of 11
Symptom Check List (SCL-90-R) [35]: Prior to the
EMA, all participants filled out the SCL-90-R. The SCL-
90-R is an instrument for the assessment of general
psychopathology and symptom burden. Internal consist-
encies were in between α = .74 and α = .97. The SCL-
90-R has shown a test-retest reliability of r ≥ .69. Al-
though the validity of the subscales of the SCL-90-R is
discussed intensely, the global severity index showed a
high validity regarding symptom burden. In this study,
a cut-off value of 63 in the global severity index was
used as an exclusion criterion for control participants
with high psychological distress, as this value is con-
sidered to differentiate cases and controls [35].
EMA questionnaire: During the two-day momentary
assessment all participants were asked repeatedly to fill
out a short questionnaire, of which only two items were
analysed in this study. To assess aversive tension, par-
ticipants were asked directly how intense their aversive
tension was at the present time from 0 to 100 in ac-
cordance with the German version of the DBT manual
for adolescents [38] (“On a scale from 0—not present
to 100—extremely intense, at this time, how intense is
your emotional tension?”). In previous studies with
patients with BPD, the assessment of aversive tension
with EMA showed good validity and reliability both in
the patient as in the control group [11, 12]. Prior to the
assessment, a definition of aversive tension was given
to the participants by stating that aversive tension is “a
highly unpleasant emotional state accompanied by high
arousal, which could prevent one from calming oneself
during high levels of aversive tension.” However, to
increase the reliability of the assessment and the
understanding of the concept of aversive tension, the
tension curve dividing aversive tension into three parts
(low tension, 0–30; moderate tension, 30–70; and intoler-
able tension, 70–100) as provided in the DBT manual for
adolescents [38] and DBT skills training manual [39] was
explained to the participants. Additionally, all participants
were given two examples of situations in which an
aversive tension of 30 and 50 could be perceived.
Possible moderator events were assessed with an
open-ended question asking what the participants had
done immediately before answering the questionnaire. In
case of simultaneous activities, participants were advised
to fill in the most important event only. Importance was
explained to the participants as the most time consum-
ing event in the past hour or the event which in their
subjective perception was mostly related to their current
state of aversive tension. Prior to data analysis of events,
all entered events were classified in four pre-specified
categories: ‘food-intake-related’, ‘sport-related’, ‘school-re-
lated’ and ‘other’. Two raters categorized the events. If
disagreement occurred, a third rater decided for one of
the two proposed categories. Inter-rater-reliability of the
two raters showed substantial agreement (Cohen’s Kappa,
κ = .797, p < .001). As the study is part of a larger EMA
trial, the participants answered two additional questions at
every assessment time point, regarding how sure they
were about their momentary emotions and which one
they experienced at that moment. These two items were
not analysed in this study.
Procedure of the ecological momentary assessment
After enrolment and the baseline assessment, the EMA
application Epicollect [40] was installed on the partici-
pants’ smartphone devices. Medical center devices were
distributed to those without Android® smartphones.
During initial assessment, all participants were trained
on using the smartphone software and were given infor-
mation on the aim of the study, aversive tension, and
how to deal with any problems during participation.
Two consecutive weekdays during the school week were
chosen for participation, as weekends might differ
regarding the perceived amount of aversive tension. This
is in accordance with a study of adults with AN, which
found different tension levels on weekends when
compared to weekdays [41]. Previous studies found that
48h provide sufficient time for an hourly assessment of
aversive tension [11, 42]. In line with Engel et al. [14],
participants were advised to delay their entries whenever
they felt unable to respond immediately, especially if the
smartphone use was restricted during school times.
For this EMA study, a fixed signal-contingent schedule
approach was used as described by Wheeler and Reis
[43]. Fixed signal-contingent assessments require partici-
pants to respond to a signal at previously defined time
points. In this study, participants received a short
message to their personal smartphone at every full hour
for two days, except during individually arranged
sleeping times. To assess possible delays in responding,
time stamps of data entries were saved. The data was cop-
ied to the study server through a local wireless network at
a follow-up meeting. Patients were given the opportunity
to share the data with their outpatient therapist.
Data analyses
In the current analysis, only aversive tension and reported
events were analysed. Data was analysed using SPSS 23
(IBM SPSS Statistics for Windows, Version 23.0, IBM,
2014), mixed model analyses were conducted with SAS
software (SAS 9.4 University Edition for Windows, SAS
Institute Inc., Cary, NC, USA, 2013).
Participants reported their perceived aversive tension
hourly on two consecutive weekdays. Due to the
naturalistic setting of the ambulatory monitoring, the
participants differed in the number of their responses
as they arranged individual sleeping times and missing
entries occurred. To compute a mean value of aversive
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tension, values of aversive tension were aggregated per-
sonwise. T-tests were conducted to compare personal
mean and maximum values of the patient and control
group. To account for multiple testing, Bonferroni-
Holm procedure was applied [44].
The data was analysed using a hierarchical linear
model, which is recommended for analysing data ob-
tained in momentary assessment [45, 46]. In line with
the aims of the study, the following simplified general
equation with fixed and random factors was formed:
yti ¼ β0 þ β1TIMEti þ β2GROUPi þ
X
j
βjXtij
þ
X
k
βkXtik  GROUPi þ r0i þ r1iTIMEti þ eti
In this equation, Yti is the intensity of aversive tension
of the person i at time point t, and β represents the fixed
effects of time, group, events, and interaction effects of
events and group. Accounting for residual variance on
personal and time level, fixed and random effects of
intercept and time were included. These factors are
assumed to be independent and normally distributed
with expectancies of zero. The specific variances are
Var(eti), Var(r0i), Var(r1i), and covariance of intercept and
time Cov(r0i, r1i). Because of an assumed auto-correlation
of aversive tension at adjacent measurement time points
and the highly unequal intervals between those time
points, a spatial power structure for autoregressive errors
was assumed. The event categories were included as
dummy variables coding 1 if the event was present and 0
if absent. The parameters of the model were estimated
using the restricted maximum likelihood method (REML),
as recommended if sample sizes are low.
To analyse the increase and decrease of aversive ten-
sion after a specific event, generalized logit mixed
models were computed. Probabilities for effects on an
increase or decrease of aversive tension were calculated.
Meaningful changes of aversive tension were defined as
an increase or decrease of at least 10 % within 90 min
after the assessment of aversive tension as patients could
delay their data entries. Increases and decreases are
coded 1 if meaningful and 0 if little or no change. Fixed
and random effects of intercept, time, and intercept-
time-covariance were included. Due to the limited num-
ber of observations, reported events (i.e. food intake,
school, sports) were included as fixed effects only.
Results
EMA measurements
The dataset consisted of 40 participants entering a
total of 1030 completed observations. Patients and
control participants did not differ significantly regard-
ing the number of completed mobile questionnaires
(Patients: M = 25.3, SD = 4.01, Controls: M = 26.2, SD =
5.91; t(38) = −.56, p = .576) and their compliance to the
assessment (Patients: M = .79, SD = .12, Controls: M
= .82, SD = .17; t(38) = .72, p = .476). Compliance was de-
fined as the ratio of completed questionnaires to planned
data entry time points. A medical center device was used
by 19 participants (12 controls, 7 patients). There was no
significant difference between the groups regarding the
distribution of medical center devices (Fisher’s exact test
p=.205). Table 2 provides the number of events experi-
enced in the patient and control group. There were more
food intake-related and fewer school- and sport-related
events reported in the patient than in the control group.
Adolescents with AN reported 354 observations with a
subsequent observation within 90 min of which 100
(28.25 %) were increased and 97 (27.40 %) decreased in
aversive tension by at least 10 %.
Primary Outcomes
When compared to the control group (M = 17.10,
SD = 11.92), the patient group (M = 44.06, SD = 22.75)
reported as expected significantly higher mean values
of aversive tension on an adjusted alpha-level of α
= .025 (t(28.71) = 4.69, p ≤ .001) corresponding with
a large effect size of d = 1.48 [47].
Additionally, higher maximum values of aversive
tension in the patient group where found, in line
with the hypothesis. An average maximum level of
aversive tension of M = 71.30 (SD = 28.92) in the pa-
tient group was compared to the average maximum
level of M = 39.55 (SD = 27.49) in the control group
showing significant difference at an adjusted alpha-
level of α = .05 (t(38) = 3.56, p = .001), with a large
effect size of d = 1.13.
Multilevel analyses
Figure 1 illustrates the time courses of mean arsive
tension of the AN and control group. To estimate effects
of reported food intake, sports- and school-related
events on momentary aversive tension, a multilevel
model analyses was conducted. Fixed and random effect
estimates of the model are provided in Table 3.
Table 2 Frequencies of the reported events of adolescents with
and without AN
Adolescents
with AN
Healthy
adolescents
Total
Food intake-related events 114 60 174
School-related events 95 124 219
Sports-related events 13 28 41
Other events 283 310 593
Total 505 522 1027
Events were not equally distributed: χ2(3) = 27.04, p <.001. In three
observations events were not reported
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In line with the primary outcomes, diagnosis of AN was
the largest influencing factor on aversive tension (main
effect). This indicates that adolescents with AN experience
more aversive tension in their daily-life than healthy
adolescents. Furthermore, food intake influenced aversive
tension significantly in patients with AN, but not in the
control group, implying that previous food intake is
associated with heightened aversive tension when com-
pared to other situations in the life of adolescents with
AN. School and sport-related events, however, did not
influence aversive tension significantly, in the patient or in
the control group. This is in contrast to our hypotheses, as
we expected that school-related events would be associ-
ated with higher and sport-related events with lower levels
of aversive tension at least in the patient group. Finally,
random effects for intercept and time where found. The
residual variance remained significant as well, indicating
as expected that additional factors not investigated in the
model may exist. No significant auto-correlation was
found. Due to the REML method, no comparison of
the model to the unconditioned model can be made,
but a notable reduction of the −2 restricted log-
likelihood was observed (unconditioned model [time
and intercept only]: − 2LL = 8521.5; fully conditioned
model: − 2LL = 8417.8).
Because of increases and decreases of subsequent
levels of aversive tension in adolescents with AN, logit
mixed model analyses were conducted. Table 4 provides
the effect estimates of the increase and decrease models.
In contrast to our hypothesis, we did not find any sig-
nificant effect of time, school or sport-related events, on
increased aversive tension of adolescents with AN within
90 min after the event. Neither sport- nor school-related
events are related to a decrease of aversive tension. From
a clinical point of view and for further investigations it is
important to mention that reported food intake signifi-
cantly reduced the number of subsequent increases of
aversive tension in patients with AN. In addition, food
intake was followed by a significant decrease of aversive
tension within a period of 90 min afterwards.
Discussion
The primary objective of this study was to examine
aversive tension in adolescent patients with AN col-
lected with personal smartphone devices in a natural
environment. More specifically, we studied the effect
Fig. 1 Time course of mean aversive tension over two days in the Anorexia nervosa and control group. Notes: Mean values of aversive tension at
specific time points were only displayed if at least two participants of the specific group responded at the given time (+/− 30 min). Error bars
represent standard error
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of food intake, school and sport-related events on
aversive tension in adolescents with AN, compared to
healthy adolescents.
The main results are in line with our hypotheses
that adolescents with AN experience higher mean
and maximum levels of aversive tension when com-
pared to healthy control participants. The findings
indicate clearly the relevance of aversive tension as a
psychological momentary factor in AN, as proposed
in the transactional model of Haynos and Fruzzetti
[7]. However, we did not assess whether restriction
regulates aversive tension.
Additionally, we found that patients with AN experi-
ence not only a higher baseline level of aversive tension,
Table 4 Effect estimates of events and time on subsequent increase or decrease of aversive tension in adolescents with AN
Increases Decreases
Fixed effects Estimate SE ta pb Estimate SE ta pb
Intercept −2.04 1.05 −1.95 .066 −0.90 1.20 −0.75 .461
Time −0.02 0.01 −1.71 .105 −0.01 0.01 −0.94 .357
Food Intake −0.86 0.33 −2.65 .017* 0.77 0.29 2.68 .016*
School −0.63 0.35 −1.80 .090 −0.13 0.34 −0.37 .717
Sport 0.17 0.87 0.19 .849 −0.57 1.08 −0.53 .602
Random effects Variance SE Variance SE
Intercept 0.69 0.68 0.21 0.46
Time 0 < 0.01 < 0.01
Covariance < 0.01 0.01 < − 0.01 0.02
Residual 0.94 0.07 0.95 0.08
Note: N = 20 persons, 354 observations, increases and decreases were coded 1 if aversive tension changes of at least 10% and 0 if no or little change occurred
within the following 90 min
*Significant effect at α=.05
aWe took a conservative approach to specify degrees of freedom specified on number of subjects. Degrees of freedom are 19 each for intercept and time, 17 for
all additional effects
bAll p-values are two-tailed
Table 3 Effect estimates of group, time, events and the interaction of group and events on the momentary experience of aversive
tension: Fixed and random factor estimates
Fixed effects Estimate SE ta pb Adjusted alpha-levelc
Intercept 18.02 5.20 3.47 .001 α≤ .0035
Time 0.01 0.06 0.25 .801
Group 29.07 8.00 3.63 < .001 α≤ .0035
Food Intake 0.54 1.58 0.34 .733
Food Intake x Group 6.43 2.06 3.12 .004 α≤ .005
School 1.41 1.46 0.97 .338
School x Group 1.98 1.99 1.00 .326
Sport 0.03 2.52 0.01 .992
Sport x Group −5.58 4.93 −1.13 .266
Random effects Variance SE Wald Z pb
Intercept 312.32 80.13 3.90 < .001 α≤ .0035
Time 0.07 0.03 2.57 .005 α≤ .005
Intercept-time covariance −0.48 1.12 −0.40 .689
Autocorrelation 0.02 0.02 1.00 .320
Residual 197.35 9.64 20.46 < .001 α≤ .0035
Note: N = 40 persons, 1,027 observations. Group was coded controls = 0 and patients = 1, events 1 if present and 0 if absent immediately before responding.
Therefore, group and event effects show additive effects for the patient group and if event was present
aWe took a conservative approach to specify degrees of freedom, such that these were based on the number of participants (N = 40) and not on observations
(N = 1,027). Degrees of freedom are therefore 39 for time, 38 for intercept and group, 36 for all additional effects
bAll p-values are two-tailed expect in case of variances, where one-tailed p-values are used as variances are non-negative
cAlpha-error adjustment was conducted with the Bonferroni-Holm procedure
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but also more tension if a food-intake-related event was
reported at the same time. These events did not have
impact on the levels of aversive tension in the control
group. However, events related to sport or school which
might be perceived as stressful by adolescents did not
have any impact on aversive tension neither in the con-
trol nor the patient group. This substantial interaction
effect demonstrates the impact of regular food-intake-
related events on the level of distress in patients with
AN. Previous studies on momentary affective states in
individuals with AN did not examine the current situ-
ation [14, 15]. Therefore, our study gives evidence that
the momentary state of aversive tension is dependent on
situational factors. As events were assessed with an open
question, the finding that adolescents with AN reported
substantially more food-intake-related events (e.g. meal
times, being at a café) further underlines the significance
of such events on the emotional state of adolescents
with AN. In this study, the participants were obliged to
report the most important event only. Hence, the effects
of co-occurring events on aversive tension, possibly not
noticed by the participants, were not assessed. The miss-
ing effect of other emotional events on aversive tension
is presumably due to the rather extensive definition of
school-related and the rare occurrence of sport-related
events. Therefore, further studies should a priori define
more limited categories, allow the co-occurrence of
events and examine more than two days to detect fur-
ther emotional events associated with aversive tension.
When examining changes of aversive tension within
90 min after a specific reported event, food intake was
associated significantly with fewer increases and more
decreases of aversive tension. Neither school-related nor
sport-related events showed significant effects on change
in aversive tension.
The latter findings are in contrast to our hypotheses and
several explanations seem plausible. As we did not assess
potentially disordered eating behavior, it is unknown if
patients restricted their eating in these situations, used
escape strategies or if maladaptive emotion regulation
behavior (e.g. purging, excessive exercising after eating)
occurred. However, it is reasonable to assume that
adolescents with AN restrict their eating on most of the
food-related events. If such behavior occurred, it may
result in a decrease of subsequent aversive tension, as in
line with the emotion regulation hypothesis proposed by
Haynos and Fruzzetti [7]. The findings could also be indi-
cating that aversive tension is triggered by the anticipation
of events rather than during the actual situation itself.
Subsequently, aversive tension should decrease once the
situation has passed, whether or not the adolescent with
AN has eaten. Terminating a meal situation could be
associated with a great relief from emotional distress and
therefore result in lower subsequent aversive tension.
Restricted eating patterns or using escape strategies avoid-
ing food intake resulting in decreased tension would serve
as negative reinforcement and would therefore be an im-
portant factor of sustaining AN. An alternative explan-
ation might be that food intake is associated with such
high levels of aversive tension that a ceiling effect occurs
and only further decreases were detectable. However, fur-
ther studies on temporal effects with shorter measure-
ment intervals are needed and should assess
compensatory behavior as well.
The findings of this study have important implications
for clinical practice. Aversive tension is a construct that
significantly affects adolescents with AN in their daily life
and should therefore be addressed in treatment. Hence,
we suppose that patients with AN could benefit from
distress tolerance skills as implemented in ‘traditional’
DBT. Especially skills for reducing aversive tension before
or during meal times may improve compliance with feed-
ing plans and weight management. These considerations
are in contrast to recent DBT approaches for adults with
AN. In the radically-open DBT proposal of Lynch et al.
[28], a shortened distress tolerance skills section is
promoted, stating that patients with AN are less likely to
experience states of heightened aversive tension [28].
Therefore, future research should examine aversive
tension in an adult AN population to justify whether
or not DBT for AN should also focus on high states
of aversive tension.
There are several strengths of the study that are
worth noting. First, we assessed aversive tension in an
adolescent sample. Recent EMA research in AN fo-
cussed mostly on adults [14, 15, 48, 49]. As emotion
regulation differs strongly regarding age [22], it is
unlikely that emotional processes in AN will remain
stable from adolescence to adulthood. Second, asses-
sing data in a momentary manner reduces substan-
tially the retrospective recall bias of questionnaires.
Therefore, later events could not influence the assessment
of aversive tension of antecedent observations. Third, the
EMA was conducted on modern smartphone devices
which resulted in a high acceptance and excellent compli-
ance with the method. To our knowledge, this was the
first study allowing data assessment on personal smart-
phone devices of individuals with AN. However, only half
of the participants used their personal smartphone
because of the limitation to Android devices. Further re-
search on real-life data should use an application available
on at least Android and iOS® devices to further increase
the rate of personal smartphones in the assessment. It is
reasonable to assume that using personal devices increases
data quality especially in adolescent study populations.
Notwithstanding, several limitations to the current
study need to be addressed. First of all, the sample size
of this study was rather small. Further research should
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examine aversive tension using larger samples, especially
if additional moderator variables shall be examined. Fur-
ther research regarding the influence of the severity or
the subtype of AN could enhance the understanding of
aversive tension in AN. Additionally, analysing the intra-
personal variability of aversive tension could provide fur-
ther inside into understanding emotional dysregulation
processes in this disorder. Some of the biases immanent
to self-reported data (e.g. social desirability bias, exaggera-
tions) could still affect EMA data despite their momentary
character. Thus, measuring physiological data (e.g. heart
rate variability, skin conductance level) at the same time
could increase the reliability of the assessment of aversive
tension. Additionally, we assessed aversive tension during
weekdays. As previous findings showed significant differ-
ences in tension between weekdays and weekends [41], it
is unclear if our findings generalize to weekends. Another
limitation is that momentary disordered eating behavior
was not assessed explicitly during the study, and was
never reported voluntarily in the open question by the
adolescents with AN. Accordingly, the data did not allow
any analysis of the relation between aversive tension and,
for example, restrictive or purging behavior. Previous
EMA research on these behaviors did not investigate ante-
cedent events [14, 15], and therefore, future research
examining the path from emotional events to momentary
negative affect and aversive tension to disordered eating is
needed. Furthermore, adolescents with AN reported
significantly more food-related events than the control
group, indicating that they either have indeed more meal
times (but with a smaller calorie intake) than adoles-
cents without AN, or that food intake is of such im-
portance for adolescents with AN that reporting seems
more significant to them. Measuring food intake ob-
jectively (e.g. in an inpatient setting) could therefore
provide further insight into the relation of food intake
and aversive tension.
Conclusions
Overall, the findings of this study provide support for the
emotion dysregulation model of AN. Aversive tension
seems relevant in AN and should be addressed in
treatment. However, it remains unclear if aversive tension
is limited to adolescent AN, as only adolescents were
examined. The occurrence of events related to food intake
is associated with higher levels of aversive tension. There-
fore, teaching adolescents with AN how to reduce aversive
tension could result in a better compliance during weight
restoration. In addition to clear evidence underlining the
model of Haynos and Fruzetti [7], the role of aversive
tension in the path from potentially emotional events via
cognition, emotion and behavior to disordered eating
should be addressed further.
Ethics approval and consent to participate
This study received a positive ethic approval from the
ethics committee of the regional medical association
in Mainz, Germany (reference number: 837.177.13).
Permission to conduct the study was also granted by
the relevant clinical director for the mental health ser-
vice involved. All participants and their legal guardians
were provided with a participant information sheet
and provided their signed informed consent to partici-
pate in the study.
Consent for publication
As part of ethics approval and consent, all participants
also provided their consent for their de-identified data
to be published.
Availability of data and materials
As our questionnaire contained several open text
fields asking for current activities, the raw data is not
anonymous and might personally identify participants.
Therefore, raw data will not be made publically available.
The de-identified data can be made available upon request
to the corresponding author.
Abbreviations
AN: Anorexia nerovsa; BPD: Borderline personality disorder; DBT: Dialectical
behavior therapy; DRKS: German register of clinical trials; EMA: Ecological
momentary assessment; REML: Restricted maximum-likelihood; SCL-90-
R: Symptom checklist 90-R.
Competing interests
The authors declare that they have no competing interests.
Author’s contributions
Conceived the study: AB, FH, DK. Designed the ecological momentary
assessment: DK, EJ, AB, FH, MH. Carried out the data acquisition: DK.
Analysed the data: DK, EJ. Drafted the manuscript: DK, MH, FH, EJ, AB. All
authors read and approved the final manuscript.
Acknowledgements
Jasmina Eskic, Karin Perthes and Julian Rupp participated in data assessment.
Patricia Meinhardt and Emilia Flynn conducted proofreading of the
manuscript. We are further thankful to all participants.
Author details
1Department for Child and Adolescent Psychiatry and Psychotherapy,
University Medical Center of the Johannes Gutenberg University, Mainz,
Germany. 2Division of Clinical Epidemiology and Aging Research, German
Cancer Research Center, Heidelberg, Germany. 3Department of Child and
Adolescent Psychiatry, Psychosomatics and Psychotherapy, University
Hospital of Würzburg, Würzburg, Germany.
Received: 2 November 2015 Accepted: 6 April 2016
References
1. Lavender JM, Wonderlich SA, Engel SG, Gordon KH, Kaye WH, Mitchell JE.
Dimensions of emotion dysregulation in anorexia nervosa and bulimia
nervosa: A conceptual review of the empirical literature. Clin Psychol Rev.
2015;40:111–22. doi:10.1016/j.cpr.2015.05.010.
2. Haynos AF, Roberto CA, Martinez MA, Attia E, Fruzzetti AE. Emotion
regulation difficulties in anorexia nervosa before and after inpatient weight
restoration. Int J Eat Disord. 2014;47:888–91. doi:10.1002/eat.22265.
Kolar et al. BMC Psychiatry  (2016) 16:97 Page 9 of 11
3. Racine SE, Wildes JE. Dynamic Longitudinal Relations Between Emotion
Regulation Difficulties and Anorexia Nervosa Symptoms Over the Year
Following Intensive Treatment. J Consult Clin Psychol. 2014;83:785–95.
4. Svaldi J, Griepenstroh J, Tuschen-Caffier B, Ehring T. Emotion regulation
deficits in eating disorders: A marker of eating pathology or general
psychopathology? Psychiatry Research. 2012;197:103–11. doi:10.1016/j.
psychres.2011.11.009.
5. Wildes JE, Marcus MD, Bright AC, Dapelo MM. Emotion and eating disorder
symptoms in patients with anorexia nervosa: An experimental study. Int J
Eat Disord. 2012;45:876–82. doi:10.1002/eat.22020.
6. Bydlowski S, Corcos M, Jeammet P, Paterniti S, Berthoz S, Laurier C, et al.
Emotion-processing deficits in eating disorders. Int J Eat Disord. 2005;37:
321–9. doi:10.1002/eat.20132.
7. Haynos AF, Fruzzetti AE. Anorexia Nervosa as a Disorder of Emotion
Dysregulation: Evidence and Treatment Implications. Clin Psychol Sci Pract.
2011;18:183–202.
8. Stiglmayr CE, Shapiro DA, Stieglitz RD, Limberger MF, Bohus M. Experience
of aversive tension and dissociation in female patients with borderline
personality disorder — a controlled study. J Psychiatr Res. 2001;35:111–8.
doi:10.1016/S0022-3956(01)00012-7.
9. Russell JA. A circumplex model of affect. J Pers Soc Psychol. 1980;39:1161–78.
10. Stiglmayr CE, Bischkopf J, Albrecht V, Porzig N, Scheuer S, Lammers C,
Auckenthaler A. The experience of tension in patients with Borderline
Personality Disorder compared to other patient groups and healthy
controls. J Soc Clin Psychol. 2008;27:425–46.
11. Stiglmayr CE, Grathwol T, Linehan MM, Ihorst G, Fahrenberg J, Bohus M. Aversive
tension in patients with borderline personality disorder: a computer-based
controlled field study. Acta Psychiatr Scand. 2005;111:372–9. doi:10.1111/j.1600-
0447.2004.00466.x.
12. Ebner-Priemer UW, Kuo J, Schlotz W, Kleindienst N, Rosenthal MZ, Detterer
L, et al. Distress and Affective Dysregulation in Patients With Borderline
Personality Disorder. J Nerv Ment Dis. 2008;196:314–20. doi:10.1097/NMD.
0b013e31816a493f.
13. Ebner-Priemer UW, Welch SS, Grossman P, Reisch T, Linehan MM, Bohus
M. Psychophysiological ambulatory assessment of affective dysregulation
in borderline personality disorder. Psychiatry Res. 2007;150:265–75.
doi:10.1016/j.psychres.2006.04.014.
14. Engel SG, Wonderlich SA, Crosby RD, Mitchell JE, Crow S, Peterson CB, et al.
The role of affect in the maintenance of anorexia nervosa: evidence from a
naturalistic assessment of momentary behaviors and emotion. J Abnorm
Psychol. 2013;122:709–19. doi:10.1037/a0034010.
15. Haynos AF, Crosby RD, Engel SG, Lavender JM, Wonderlich SA, Mitchell JE,
et al. Initial test of an emotional avoidance model of restriction in anorexia
nervosa using ecological momentary assessment. J Psychiatr Res. 2015;68:
134–9. doi:10.1016/j.jpsychires.2015.06.016.
16. Gianini L, Liu Y, Wang Y, Attia E, Walsh BT, Steinglass J. Abnormal eating
behavior in video-recorded meals in anorexia nervosa. Eat Behav. 2015;19:
28–32. doi:10.1016/j.eatbeh.2015.06.005.
17. Anderson LM, Crow SJ, Peterson CB. The impact of meal consumption on
emotion among individuals with eating disorders. Eat Weight Disord. 2014;
19:347–54. doi:10.1007/s40519-013-0084-1.
18. Steinglass JE, Sysko R, Mayer L, Berner LA, Schebendach J, Wang Y, et al.
Pre-meal anxiety and food intake in anorexia nervosa. Appetite. 2010;55:
214–8. doi:10.1016/j.appet.2010.05.090.
19. Oldershaw A, Lavender T, Sallis H, Stahl D, Schmidt U. Emotion
generation and regulation in anorexia nervosa: a systematic review and
meta-analysis of self-report data. Clin Psychol Rev. 2015;39:83–95.
doi:10.1016/j.cpr.2015.04.005.
20. Cassin SE, von Ranson KM. Personality and eating disorders: a decade in
review. Clin Psychol Rev. 2005;25:895–916. doi:10.1016/j.cpr.2005.04.012.
21. Giel KE, Kullmann S, Preißl H, Bischoff SC, Thiel A, Schmidt U, et al.
Understanding the reward system functioning in anorexia nervosa: crucial
role of physical activity. Biol Psychol. 2013;94:575–81. doi:10.1016/j.
biopsycho.2013.10.004.
22. Zimmermann P, Iwanski A. Emotion regulation from early adolescence to
emerging adulthood and middle adulthood: Age differences, gender
differences, and emotion-specific developmental variations. Int J Behav Dev.
2014;38:182–94. doi:10.1177/0165025413515405.
23. Chen EY, Segal K, Weissman J, Zeffiro TA, Gallop R, Linehan MM, et al. Adapting
dialectical behavior therapy for outpatient adult anorexia nervosa–a pilot
study. Int J Eat Disord. 2015;48:123–32. doi:10.1002/eat.22360.
24. Federici A, Wisniewski L. An intensive DBT program for patients with
multidiagnostic eating disorder presentations: A case series analysis. Int J
Eat Disord. 2013;46:322–31. doi:10.1002/eat.22112.
25. Sipos V, Bohus M, Schweiger U. Dialektisch-behaviorale Therapie für
Essstörungen (DBT-E). Psychother Psychosom Med Psychol. 2011;61:87–91.
26. Salbach-Andrae H, Bohnekamp I, Bierbaum T, Schneider N, Thurn C,
Stiglmayr C, et al. Dialektisch Behaviorale Therapie (DBT) und Kognitiv
Behaviorale Therapie (CBT) für Jugendliche mit Anorexia und Bulimia
nervosa im Vergleich. Kindheit und Entwicklung. 2009;18:180–90.
doi:10.1026/0942-5403.18.3.180.
27. Linehan MM, Bohus M, Lynch TR. Dialectical Behavior Therapy for Pervasive
Emotion Dysregulation. In: Gross JJ, editor. Handbook of Emotion
Regulation. New York: Guilford Press; 2007. p. 581–605.
28. Lynch TR, Gray KL, Hempel RJ, Titley M, Chen EY. Radically open-dialectical
behaviour therapy for adult anorexia nervosa: feasability and outcomes
from an inpatient program. BMC Psychiatry. 2013;13:293.
29. Fahrenberg J, Myrtek M, Pawlik K, Perrez M. Ambulatory assessment -
monitoring behavior in daily life settings. Eur J Psychol Assess. 2007;23:
206–13. doi:10.1027/1015-5759.23.4.206.
30. Kraus N, Lindenberg J, Zeeck A, Kosfelder J, Vocks S. Immediate effects of
body checking behaviour on negative and positive emotions in women
with eating disorders: an ecological momentary assessment approach. Eur
Eat Disord Rev. 2015;23:399–407. doi:10.1002/erv.2380.
31. Wonderlich JA, Lavender JM, Wonderlich SA, Peterson CB, Crow SJ, Engel
SG, et al. Examining convergence of retrospective and ecological
momentary assessment measures of negative affect and eating disorder
behaviors. Int J Eat Disord. 2015;48:305–11. doi:10.1002/eat.22352.
32. Lavender JM, Young D, Kyle P, Anestis MD, Wonderlich SA, Crosby RD, Engel
SG et al. Associations between retrospective versus ecological momentary
assessment measures of emotion and eating disorder symptoms in anorexia
nervosa. J Psychiatr Res. 2013;47:1514–20. doi:10.1016/j.jpsychires.2013.06.021.
33. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders: DSM-5. 5th ed. Washington, D.C: American Psychiatric
Association; 2013.
34. Herpertz S, Herpertz-Dahlmann B, Fichter M, Tuschen-Caffier B, Zeeck A. S3-
Leitlinie Diagnostik und Behandlung der Essstörungen. Berlin: Springer; 2011.
35. Franke GH. SCL-90-R. Die Symptom-Checkliste von Derogatis - Deutsche
Version. Göttingen: Beltz Test; 1995.
36. Kolar DR, Bürger A, Hammerle F, Jenetzky E. Aversive tension of
adolescents with anorexia nervosa in daily course: A case-controlled
and smartphone-based ambulatory monitoring trial (SMART). BMJ Open.
2014;4, e004703.
37. Hilbert A, Bürger A, Hartmann AS, Spenner K, Czaja J, Warschburger P.
Psychometric Evaluation of the Eating Disorder Examination Adapted for
Children. Eur Eat Disorders Rev. 2013;21:330–9. doi:10.1002/erv.2221.
38. Fleischhaker C, Sixt B, Schulz E. DBT-A: Dialektisch-behaviorale Therapie für
Jugendliche. Berlin: Springer; 2011.
39. Bohus M, Wolf-Arehult M. Interaktives Skillstraining für Borderline-Patienten:
Das Therapeutenmanual. 2nd ed. Stuttgart: Schattauer; 2012.
40. Aanensen DM, Huntley DM, Feil EJ, Al Own F, Spratt BG, EpiCollect. Linking
Smartphones to Web Applications for Epidemiology, Ecology and
Community Data Collection. PLoS ONE. 2009;4(9), e6968. doi:10.1371/journal.
pone.0006968.
41. Lavender JM, Utzinger LM, Crosby RD, Goldschmidt AB, Ellison J, Wonderlich
SA, et al. A naturalistic examination of the temporal patterns of affect and
eating disorder behaviors in anorexia nervosa. Int J Eat Disord. 2015.
doi:10.1002/eat.22447.
42. Wolff S, Stiglmayr C, Bretz HJ, Lammers C, Auckenthaler A. Emotion
identification and tension in female patients with borderline personality
disorder. Br J Clin Psychol. 2007;46:347–60. doi:10.1348/014466507X173736.
43. Wheeler L, Reis HT. Self-Recording of Everyday Life Events: Origins, Types,
and Uses. J Pers. 1991;59:339–54. doi:10.1111/j.1467-6494.1991.tb00252.x.
44. Holm S. A Simple Sequentially Rejective Multiple Test Procedure. Scand J
Stat. 1979;6:65–70.
45. Nezlek JB, Schröder-Abé M, Schütz A. Mehrebenenanalysen in der
psychologischen Forschung. Psychologische Rundschau. 2006;57:213–23.
doi:10.1026/0033-3042.57.4.213.
46. Bolger N, Davis A, Rafaeli E. Diary Methods: Capturing Life as it is Lived. Annu
Rev Psychol. 2003;54:579–616. doi:10.1146/annurev.psych.54.101601.145030.
47. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
Hillsdale, N.J: L. Erlbaum Associates; 1988.
Kolar et al. BMC Psychiatry  (2016) 16:97 Page 10 of 11
48. Jappe LM, Cao L, Crosby RD, Crow SJ, Peterson CB, Le Grange D, et al. Stress
and eating disorder behavior in anorexia nervosa as a function of menstrual
cycle status. Int J Eat Disord. 2014;47:181–8. doi:10.1002/eat.22211.
49. Engel SG, Wonderlich SA, Crosby RD, Wright TL, Mitchell JE, Crow SJ,
Venegoni EE. A study of patients with anorexia nervosa using ecologic
momentary assessment. Int J Eat Disord. 2005;38:335–9. doi:10.1002/eat.
20184.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Kolar et al. BMC Psychiatry  (2016) 16:97 Page 11 of 11
